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Curcumin  Based  Drug  Screening  for  Inhibitors  of  NFkB  in  a  Cell  Model  of  Prostate  Cancer  Progression 

Final  Progress  Report  for  POD  -  PC060864 


INTRODUCTION 

The  overall  and  continuous  goal  of  our  research  funded  by  the  DOD  PC060864  Concept  Award  is  to  identify 
new  and  structurally  diverse  chemical  analogs  of  the  polyphenolic  phytochemical  Curcumin  from  the  Indian 
herb  Curcuma  tonga  (family  Zingibiraceae)  active  against  advanced  prostate  cancer.  For  this,  we  are  using 
cells  and  experimental  conditions  that  mimic  low  or  absent  androgen  concentrations  and  the  bone 
microenvironment,  as  often  encountered  in  a  patient  undergoing  androgen  ablation  and  suffering  from 
metastatic  disease.  Our  assays  cover  both  molecular  as  well  as  functional  markers,  of  progression,  including 
the  expression  and  activation  of  proteins  involved  in  autocrine  stimulation,  as  well  as  phenotypic  behavior 
relating  to  migration,  invasion,  and  mineralization.  Furthermore,  it  is  our  goal  to  use  cheminformatic 
approaches  to  identify  structurally  defined  analogs  of  Curcumin  with  an  improved  therapeutic  efficacy  against 
prostate  cancer  cells  of  the  advanced  phenotype.  Finally,  such  analogs  will  then  be  subjected  to  pre-clinical 
toxicity  studies  in  animals,  and  further  considered  for  clinical  development. 

BODY 

The  research  team  of  DOD  PC060864  has  access  to  a  chemical  library  of  Curcumin  analogs  consisting  of 
>100  structurally  characterized  compounds.  For  part  of  this  library,  collaborators  Drs.  David  Vander  Jagt, 
Lorraine  Deck,  and  Robert  Orlando  have  generated  structural  activity  relationship  (SAR)  data  pertaining  to 
NFkB  activity,  perhaps  the  most  prominent  target  pathway  of  Curcumin  [1,2].  This  SAR  data  was  generated 
using  a  HEK-293T  cell  line  transfected  with  an  NFkB  promoter  mediated  Luciferase  reporter  construct 
available  from  Panomics  (Redwood  City,  CA).  In  this  system,  NFkB  was  induced  by  tumor  necrosis  factor  a 
(TNFa)  at  a  concentration  of  20ng/ml.  Table  1  lists  the  inhibitory  concentration  for  Curcumin  and  each  of  the 
compounds  tested  at  which  50%  of  the  NFkB  activity  was  inhibited,  i,e,  the  IC50  values. 

Table  1:  NFkB  IC50  values  (triplicate  ±  SD)  for  Curcumin  and  six  chemical  analogs  using  the  HEK-293T  Luciferase 
reporter  system. 


Compound 

Structure 

IC50  in  pM 

Curcumin 

8.2  ±0.4 

Analog  #46 

HjCCOOr^  ^^OOOCH, 

5.3  ±1.1 

Analog  #48 

?H  9  ?H 

4.2  ±0.3 

Analog  #49 

3.9  ±0.3 

Analog  #50 

3.4  ±0.2 

Analog  #54 

„XTCraoH 

4.4  ±0.8 

Analog  #67 

5.0  ±0.3 
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The  NF  kappa  B  specific  SAR  data  served  as  a  rationale  for  engaging  the  corresponding  Curcumin  analogs  in 
several  lines  of  research  that  are  in  agreement  with  the  specific  aims  of  PC060864.  This  report  covers  the 
following  aspects:  (i)  Cell  growth  inhibition;  (ii)  anchorage  independent  colony  formation;  (iii)  androgen  receptor 
(AR)  activation;  (iv)  lnterleukin-6  (IL-6)  expression,  and  Akt/PKB  expression  and  activation.  Our  major  tools  in 
these  investigations  continue  to  be  prostate  epithelial  cells  from  the  LNCaP  progression  model,  i.e.  LNCaP, 
C4-2,  and  C4-2B  [3,4],  As  a  brief  reminder,  LNCaP  is  androgen  dependent  for  growth  and  survival  and  does 
not  exert  metastatic  potential,  while  the  derivative  sublines  C4-2  and  C4-2B  have  developed  androgen 
independence  and  (bone)  metastatic  potential  (see  Figure  1  in  PC060864). 


Cell  Growth  /  Proliferation 

LNCaP,  C4-2,  and  C4-2B  were  subjected  to  the  metabolic  WST-1  formazan  salt  assay  (Roche 
Pharmaceuticals,  Nutley,  NJ)  growth  assay  in  the  presence  of  increasing  concentrations  of  Curcumin  and 
analogs  at  a  0-200  pM  range.  The  IC50  values  were  determined  for  24  hrs  by  non-linear  regression  are  and  are 
displayed  in  Table  2.  Analog  #67  was  excluded  from  these  studies  because  of  its  strong  insolubility  in  aqueous 
solutions  at  concentrations  >50  pM  (Figure  1). 


Table  2:  Growth  IC50  values  (triplicate  ±  SD)  for  Curcumin 
and  five  chemical  analogs  using  the  WST-1  formazan  salt 
assay. 


LNCaP 

C4-2 

C4-2B 

Curcumin 

66  ±0.1 

96  ±  0.3 

79  ±0.1 

Analog  #46 

65  ±  0.2 

60  ±  0.2 

57  ±0.1 

Analog  #48 

72  ±  0.2 

1 12  ±  0.2 

90  ±0.1 

Analog  #49 

47  ±0.1 

53  ±0.1 

65  ±0.2 

Analog  #50 

53  ±0.1 

48  ±  0.2 

69  ±0.2 

Analog  #54 

60  ±0.1 

71  ±0.1 

108  ±0.1 

Figure  1:  Crystal 
formation  of 

Curcumin  Analog 
#67  in  aqueous 
media  at  >50  pM 
concentration;  solid 
arrows  point  at 
crystals;  dotted 
arrow  points  at 
LNCaP  cells. 


The  concentrations  listed  in  Table  2  are  far  from  being  physiologically  reachable.  In  fact,  even  though 
Curcumin’s  excellent  safety  and  tolerability  has  been  shown  in  Phase  I  clinical  trials  with  up  to  12  grams  (!!)  of 
daily  doses  [5-8],  Curcumin’s  greatest  pitfall  that  has  hindered  its  transition  to  large  scale  Phase  III  clinical  trials 
is  its  low  bioavailability,  with  typically  2-3%  of  the  given  dose  reaching  the  blood  and  tissues.  This  is  mainly  due 
to  Curcumin’s  hydrophobic  nature  (see  for  example  analog  #67  in  Figure  1),  and  to  its  rapid  metabolism  to 
glucoronide  and  sulphate  derivatives,  and  ferulic  and  dihydroferulic  acid  [9],  Nevertheless,  we  tested  Curcumin 
and  two  of  its  structural  analogs  at  the  physiological  concentration  of  2  pM  over  a  period  of  72  hrs.  Analogs 
#49  and  #50  were  chosen  due  to  their  lower  IC50  values  in  C4-2  compared  to  LNCaP  (see  Table  2).  The  data  in 
Figure  2  shows  that  starting  from  36  hrs  the  analogs  show  an  increased  inhibition  as  compared  to  Curcumin  in 
all  the  prostate  cancer  cell  lines  tested. 


Time  (Hours) 

2uM  Curcumin 
— 2uM  #49 
— 2uM  #50 
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Figure  2:  Relative  growth  rates  (% 
of  untreated  control,  i.e.  0.1% 
DMSO)  of  LNCaP,  C4-2,  and  C4- 
2B  treated  with  2  pM  Curcumin, 
and  Analogs  #49  and  #50.  Data 
represent  averages  of  6 
experiments  ±  SD;  *,  **,  *** 

indicate  difference  from  Curcumin 
at  p  <  0.05,  0.01,  0.001, 

respectively  (t-test). 


Anchorage  Independent  Colony  Formation 

Anchorage  independent  colony  formation  represents  a  hallmark  of  aggressive  growth  and  proliferation  as 
displayed  by  C4-2B  cells.  Using  colony  formation  in  soft  agar  covered  by  growth  medium,  we  exposed  C4-2 
cells  to  40  pM  Curcumin  and  the  five  structural  analogs  listed  in  Table  2.  Effects  on  cell  growth  were  visible  at 
5-7  days,  and  the  experiments  were  finalized  at  21  days.  Figure  3A  shows  a  qualitative  assessment  of  the 
inhibitory  effect  as  shown  by  conventional  light  microscopy.  The  data  was  also  quantified  by  counting  the 
number  of  colonies  in  three  randomly  chosen  microscopic  fields,  which  allows  calculating  the  inhibitory  effect  in 
%  of  untreated  control  (0.1%  DMSO)  as  show  in  Figure  3B.  In  this  analysis,  all  of  the  treatment  groups  were 
significantly  different  from  the  control  (p<0.05).  In  addition,  analogs  #48  and  #50  were  also  significantly  more 
inhibitory  than  Curcumin  ((p<0.05). 


Con  Cur  #46  #48 


#49  #50  #54 


B 


,0* 


r  r  r 


Figure  3:  Anchorage  independent  colony 
formation  of  C4-2B  in  soft  agar  in  the 
presence  of  0.1%  DMSO  (control,  Con)  or  40 
pM  Curcumin  (Cur)  or  Analogs.  (A) 
Qualitative  assessment  by  microscopy  (x250 
magnification).  (B)  growth  rate  (%  of  control) 
based  on  number  of  colonies  in  3  random 
microscopic  fields  (±  SD).  *  indicates 
difference  from  Curcumin  at  p<0.05  (t-test). 


Interleukin-6  Expression 

During  this  funding  period,  we  have  developed  a  strong  interest  in  the  cytokine  lnterleukin-6  (IL-6).  IL-6  plays  a 
central  role  in  host  defense  due  to  its  wide  range  of  immune  activities.  Pertinent  to  the  present  investigation,  IL- 
6  has  been  shown  to  be  elevated  in  the  serum  of  prostate  cancer  patients  [10-13].  In  addition,  expression  of  IL- 
6  in  prostate  cancer  cells  represents  an  autocrine  stimulatory  loop  that  leads  to  non-steroidal  activation  of  the 
androgen  receptor  (AR)  [14,15].  In  addition,  IL-6  is  a  downstream  target  of  the  transcription  factor  NFkB  [16]. 
We  have  thus  studied  the  effect  of  Curcumin  and  its  analogs  on  the  expression  of  IL-6  by  two  different 
methods,  i.e.  quantitative  (real-time)  reverse  transcriptase  polymerase  chain  reaction  (qRT-PCR),  and  by 
enzyme  linked  immunosorbent  assay  (ELISA). 
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The  data  in  Figure  4A  represents  IL-  6  mRNA  expression  in  C4-2B  cells  treated  for  24  hrs  with  Curcumin  and 
its  analogs  relative  to  untreated  control  stimulated  with  the  NFkB  activator  tumor  necrosis  factor  alpha  (TNFa). 
In  general,  a  dose  dependent  response  was  observed  between  a  range  of  2  and  10  pM  of  added  drugs, 
although  substantial  variation  was  evident,  such  as  in  the  case  of  analog  #49.  Curcumin  seems  to  be 
stimulatory  for  IL-6  at  low  concentrations,  an  observation  also  often  made  for  other  molecular  outcomes  with 
other  polyphenolic  phytochemicals,  such  as  Resveratrol  (our  own  experience,  not  shown  here).  IL-6  is  a 
cytokine  acting  in  a  paracrine  or  autocrine  manner;  for  its  biological  activity  to  be  fully  exerted  it  must  thus  be 
secreted.  The  effect  of  Curcumin  and  its  analogs  at  the  same  concentrations  were  tested  for  their  effects  on  IL- 
6  secretion  using  supernatants  from  cells  treated  for  24  hrs.  For  increased  sensitivity,  a  sandwich  ELISA  was 
used  (eBioscience,  San  Diego,  CA).  Interestingly,  all  analogs  were  more  efficient  in  inhibiting  IL-6  secretion 
than  Curcumin  at  concentrations  of  2  and  5  pM,  while  at  10  pM  Curcumin  was  as  effective.  Of  note,  and  in 
agreement  with  the  qRT-PCR  data,  Curcumin  at  low  concentrations  was  again  somewhat  stimulatory  (Figure 
4B). 
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Figure  4:  Effect  of  Curcumin 
and  Analogs  (24  hrs 
treatment)  on  IL-6 
expression  and  secretion  in 
C4-2B  cells.  (A)  qRT-PCR 
IL-6  mRNA  expression  (% 
relative  to  TNFa  stimulated 
and  DMSO  treated  control. 
Bars  denote  triplicate  values 
±  SD.  (B)  Sandwich  ELISA 
using  cell  supernatants;  bars 
denote  triplicate  values  ± 
SD. 
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Akt  Expression  and  Activation 

It  has  been  proposed  by  the  Kreisberg  laboratory  that  progression  of  prostate  cancer  to  androgen 
independence  is  accompanied  by  a  switch  in  signal  transduction  pathways  mediating  cell  growth  and  survival 
[17,18].  The  classical  mitogen  activated  protein  kinase  (MAPK)  pathway  resulting  in  the  activation  of  the 
transcription  factor  ERK1/2  (extracellular  signal  regulated  kinase)  is  prominent  in  LNCaP  cells,  while  in  C4-2 
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the  Akt/PKB  (protein  kinase  B)  and  mTOR  (mammalian  target  of  Rapamycin)  pathways  gain  importance  for  the 
growth  and  survival  of  the  cells  [18].  Consequently,  LNCaP  cells  are  insensitive  to  the  actions  of  the  bacterial 
macrolide  Rapamycin,  while  the  growth  and  survival  of  C4-2  cells  are  greatly  inhibited.  It  has  been  previously 
shown  that  Curcumin  inhibits  Akt  expression  and  phosphorylation  (activation),  albeit  at  rather  high 
concentrations,  i.e.  20-30  pM  [19].  In  agreement  with  these  reports,  our  own  data  generated  by  Western  blot 
analysis  of  C4-2  cells  treated  with  Curcumin  showed  a  constitutively  active  Akt  with  little  or  no  change  after 
stimulation  with  the  mitogen  insulin-like  growth  factor  1  (IGF-1)(Figure  5A).  Phosphorylation  of  Akt  is 
dependent  on  upstream  activation  of  phosphatidylinositol  3-phosphate  kinase  (PI3K);  inhibition  of  PI3K  with 
subsequent  inhibition  of  Akt  activation  was  shown  by  applying  the  specific  small  molecule  PI3K  inhibitor 
LY294002.  Curcumin  started  to  inhibit  Akt  phosphorylation  at  20  pM.  Part  of  this  inhibition  is  due  to  change  in 
expression  levels  of  Akt,  which  was  affected  by  Curcumin  during  the  total  incubation  time  of  6  hrs.  To  test  the 
effect  of  Curcumin  and  its  chemical  analogs  on  Akt  phosphorylation  specifically,  the  cells  were  treated  for  20 
min  only  at  a  concentration  of  20  pM  (Figure  5B).  Under  these  conditions,  total  Akt  was  largely  unaffected.  In 
addition,  some  of  the  analogs,  such  as  for  example  #48,  were  more  inhibitory  for  Akt  phosphorylation  than 
Curcumin  itself. 


_ IGF-1  at  IQOng/ml 

A  Curcumin 


Controls  |_Y  5pM  lOpM  20pM 


IGF-1  at  IQOng/ml 

Controls  #46  #48  Cur  #49  #50  #54 


Figure  5:  Effect  of  Curcumin  and 
analogs  on  Akt  expression  and 
activation  by  Western  blot 
analysis.  (A)  Cells  were  treated 
with  Curcumin  for  4  hrs,  then 
stimulated  with  IGF-1  at  100  ng/ml 
for  1  hr;  the  PI3K  inhibitor 
LY294002  (LY)  was  used  at  20  pM 
for  1  hr.  (B)  Cells  were  treated  with 
Curcumin  and  analogs  at  20  pM 
and  IGF-1  at  100  ng/ml 
simultaneously  for  20  min. 


Androgen  Receptor  Trans-Activation 

Activation  of  the  AR  in  most  prostate  tumors  is  an  indispensable  requirement  for  cell  survival  and  growth;  thus 
the  AR  is  a  prominent  therapeutic  target  [20,21],  The  latter  is  also  true  for  progressive  disease;  for  example, 
while  androgen  independence  indicates  that  androgens  are  no  longer  necessary,  activation  of  the  AR  still  is 
[18,21].  We  are  thus  interested  in  identifying  Curcumin  analogs  that  are  capable  of  inhibiting  AR  expression. 
As  shown  in  Figure  6,  we  have  so  far  generated  data  pertaining  to  Curcumin.  The  effect  of  Curcumin  on  AR 
was  analyzed  in  the  AR-negative  prostate  cancer  cell  line  PC-3  double-transfected  with  a  plasmid  expressing 
the  wild  type  human  AR  (hAR)  under  the  control  of  a  CMV  promoter,  and  an  MMTV  promoter  driven  Enhanced 
Green  Fluorescence  Protein  (EGFP)  construct;  the  MMTV  sequence  contains  an  androgen  responsive 
element  (ARE)  which  is  activated  by  androgen  leading  to  expression  of  EGFP.  EGFP  expression  can  be 
visualized  by  fluorescence  microscopy  (Figure  6A)  and  quantified  using  ImageJ  software 
(http://rsb.info.nih.qov/ii/)(Fiqure  6B).  CMV-hAR  and  MMTV-EGFP  transfected  PC-3  cells  were  starved  for  24 
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hrs  and  treated  with  the  synthetic  androgen  R1881  at  a  0.5  pM  concentration  in  the  absence  (control)  or 
presence  of  increasing  concentrations  of  Curcumin  (0.5  -  15  pM)  for  24  hrs.  In  these  experiments,  Curcumin 
inhibited  AR  trans-activation  in  a  dose  responsive  manner  (Figure  6B).  We  are  currently  repeating  these 
experiments  using  LNCaP  and  C4-2  cells  and  engaging  the  Curcumin  analogs  listed  in  Table  1 . 


Figure  6:  Effect  of  Curcumin  on  AR  trans-activation.  (A)  Fluorescence  microscopy  of  PC-3  cells  transfected  with  CMV- 
hAR  and  MMTV-EGFP  and  stimulated  with  0.5  pM  synthetic  androgen  R1881  in  the  absence  (control)  or  presence  of 
increasing  concentrations  of  Curcumin.  (B)  Quantification  of  EGFP  expression  using  ImageJ  software 
(http://rsb.  info.nih.  goy/ij/);  bars  indicate  fluorescence  intensity  in  three  randomly  chosen  microscopic  fields  ±  SD. 


KEY  RESEARCH  ACCOMPLISHMENTS 


•  Characterization  of  the  effect  of  Curcumin  on  molecular  and  cellular  hallmarks  of  prostate  cancer 
progression. 

•  Identification  of  novel  chemical  analogs  of  Curcumin  with  an  effect  on  markers  of  prostate  cancer 
progression. 

REPORTABLE  OUTCOMES 

•  Training  of  Graduate  Student  (Ms.  Alexandra  Fajardo),  a  Pfizer  Safety  Fellowship  Awardee  on  the  use  of 
polyphenolic  phytochemicals  in  in  vitro  culture  of  prostate  cancer  cells. 

•  Manuscript  in  preparation:  “Chemical  Analogs  of  Curcumin  Effective  against  Prostate  Cancer  Progression”, 
to  be  submitted  to  “The  Prostate”,  “Journal  of  Urology”,  etc. 

•  Poster  Presentation  (Fajardo  et  al)  at  the  25th  Annual  Meeting  of  the  Mountain  West  Society  of  Toxicology 
in  Breckenridge,  CO  in  September  2007:  “Identification  of  Curcumin  Analogs  Toxic  against  Prostate 
Cancer  Cells  Through  Inhibition  of  the  Pro-Survival  Nuclear  Factor  Kappa  B  Transcription  Factor”. 

•  Poster  Presentation  (Fajardo  et  al;  as  above)  at  the  Next  Generation  Sequencing  Symposium,  Santa  Fe, 
NM  in  March  2008,  organized  by  New  Mexico  INBRE,  New  Mexico  Tech,  Sandia  National  Laboratories, 
and  Los  Alamos  National  Laboratories. 

•  NIH/NCI  R21  grant  application  (1R03CA1 36030-01),  “Targeting  Egr-1  with  Curcumin  Analogs  for  Prostate 
Cancer  Prevention’)-,  Bisoffi  M.  -  PI. 

•  NIH/NCI  R21  grant  application  (1R21CA-pending  assignment),  “Magnetic  Targeting  of  Multifunctionalized 
SPIONs  to  Prostate  Tumors”',  Bisoffi  M.  -  PI. 

CONCLUSIONS 

In  summary,  we  have  successfully  initiated  the  testing  of  structurally  diverse  Curcumin  analogs  on  hallmarks  of 

prostate  cancer  progression,  including  cell  growth  inhibition,  anchorage  independent  colony  formation, 

androgen  receptor  (AR)  trans-activation,  lnterleukin-6  (IL-6)  expression,  and  Akt/PKB  expression  and 
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activation.  In  particular,  polyphenols  with  5-carbon  linkers  (analogs  #48  and  #50)  and  nitrogen  side  groups 
(analog  #50)  were  more  efficient  than  the  mother  compound  Curcumin  in  inhibiting  several  hallmarks  of 
prostate  cancer  progression.  Our  overall  goal  is  to  identify  chemical  analogs  of  this  promising  phytochemical 
that  are  inhibitory  for  hallmarks  of  cancer  progression.  Consequently,  we  have  focused  on  the  androgen 
independent  and  metastatic  cell  line  C4-2B  and  have  performed  most  of  the  reported  experiments  in  the 
absence  of  androgen  to  mimic  the  conditions  in  a  patient  undergoing  androgen  ablation  as  part  of  his  therapy 
for  progressive  disease.  DOD  PC060864  also  proposed  to  add  components  of  the  bone  microenvironment  to 
mimic  conditions  of  bone  metastatic  disease.  Consequently,  we  will  repeat  these  experiments  either  in  the 
presence  of  cultured  human  fetal  osteoblasts  (hFOB)  or  conditioned  media  from  these  cells.  In  this  context,  we 
have  successfully  established  hFOB  cell  cultures  and  are  currently  testing  the  analogs  for  some  of  the  above 
listed  markers  under  bone  metastatic  conditions. 

Due  to  other  research  developments  in  our  laboratories,  we  have  focused  here  on  the  cytokine  IL-6,  which  was 
not  included  in  the  original  DOD  PC060864  Concept  Award  application.  However,  IL-6  is  reported  to  play  a 
similar  role  as  IL-8,  which  is  part  of  the  original  application.  In  addition,  we  have  initiated  expression  studies  of 
IL-8,  Osteopontin  (OPN),  and  matrix  metalloproteinases  2  and  9  (MMP-2  and  MMP-9).  However,  we  have  so 
far  not  been  able  to  establish  experimentally  reproducible  assays  for  these  markers;  corresponding  efforts  are 
currently  under  way  and  our  successful  results  for  IL-6  serve  as  a  guide  for  these  experiments. 

Finally,  it  should  be  noted  that  the  analogs  covered  in  this  study  display  a  variety  of  structural  changes, 
including  the  length  of  the  carbon  chain,  the  nature  of  the  side  groups  and  the  number  of  the  aryl  rings.  This 
variety  represents  a  platform  for  more  refined  screens  of  subtle  variations  of  the  analogs  reported  here;  these 
screens  can  be  performed  in  assays  specific  for  the  measurement  of  several  molecular  markers.  In  addition  to 
these  extended  screens,  we  now  plan  to  move  towards  Specific  Aim  2  of  DOD  PC060864,  i.e.  to  apply  a 
cheminformatics  approach  encompassing  quantitative  structure-activity  relationship  (QSAR)  and  ligand-based 
virtual  screening  (LBVS)  to  explore  the  possibility  of  improving  their  efficacy.  With  this  goal  in  mind,  and  upon 
further  testing  of  additional  compounds,  as  well  as  testing  compounds  under  bone  metastatic  conditions,  we 
will  consult  with  the  staff  of  the  Biocomputing  Division  of  the  Department  of  Biochemistry  and  Molecular 
Biology  led  by  Dr.  Tudor  Oprea. 

The  findings  presented  in  this  final  report,  together  with  data  currently  being  generated  from  additional 
experiments  under  way  in  our  laboratories  are  part  of  a  planned  manuscript;  we  envisage  positive  peer  reviews 
from  Journal  such  as  “The  Prostate”  and  “Journal  of  Urology”.  Ms.  Alexandra  Fajardo,  a  Graduate  Student  in 
my  laboratory  has  presented  part  of  this  data  at  the  25th  Annual  Meeting  of  the  Mountain  West  Society  of 
Toxicology  in  Breckenridge,  CO  in  September  2007.  We  will  also  use  these  data  towards  designing  additional 
grant  applications  to  be  submitted  to  the  NIH  or  DOD.  In  addition,  it  should  be  noted  that  the  NCI-designated 
New  Mexico  Cancer  Research  and  Treatment  Center  provides  excellent  support,  through  administrative,  legal, 
and  scientific  mechanisms,  to  translate  our  findings  towards  clinical  use.  In  particular,  the  Clinical  and 
Translational  Science  Center  (CTSC)  is  a  guiding  body  for  this  endeavor. 

Furthermore,  the  research  funded  by  DOD  PC060864  has  fostered  novel  research  avenues.  For  example,  the 
insolubility  problem  observed  for  analog  #67  shown  in  Figure  1  is  part  the  low  bioavailability  of  polyphenolic 
phytochemicals  in  pre-clinical  animal  and  Phase  I  human  clinical  studies.  We  have  initiated  studies  into  the  use 
of  surface  modified  iron  oxide  superparamagnetic  nanoparticles  (SPIONs)  functionalized  to  bind  polyphenols 
and  targeting  antibodies  (against  prostate  specific  membrane  antigen,  PSMA)  for  better  delivery  to  prostate 
tumors  and  for  enhanced  therapeutic  effect  through  magnet  guided  tumor  detainment.  A  corresponding  NIH 
R21  grant  application  entitled  “Magnetic  Targeting  of  Multifunctionalized  SPIONs  to  Prostate  Tumors”  has 
been  recently  submitted.  A  second  application  entitled  “Targeting  Egr-1  with  Curcumin  Analogs  for  Prostate 
Cancer  Prevention”  was  submitted  to  the  NIH/NCI  and  represents  a  combination  based  on  the  findings  from 
DOD  PC060864  and  other  research  avenues  in  our  laboratories. 

The  following  personnel  were/are  involved  in  this  research: 

•  Marco  Bisoffi,  PhD  -  Project  management,  data  analysis 

•  Rob  Orlando,  PhD  -  NFkB  activity  measurements 

•  Tudor  Oprea,  MD/PhD  -  Cheminformatics 
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•  Ming  Ji  -  Experimental  responsibilities 

•  Alexandra  Fajardo  -  Experimental  responsibilities 
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APPENDICES 


Poster  Presentations  (Fajardo  et  al)  at  the: 

(i)  25th  Annual  Meeting  of  the  Mountain  West  Society  of  Toxicology  in  Breckenridge,  CO  in  September 
2007. 

(ii)  Next  Generation  Sequencing  Symposium,  Santa  Fe,  NM  in  March  2008,  organized  by  New  Mexico 
INBRE,  New  Mexico  Tech,  Sandia  National  Laboratories,  and  Los  Alamos  National  Laboratories. 


IDENTIFICATION  OF  CURCUMIN  ANALOGS  TOXIC  AGAINST  PROSTATE  CANCER  CELLS  THROUGH 
INHIBITION  OF  THE  PRO-SURVIVAL  NUCLEAR  FACTOR  KAPPA  B  TRANSCRIPTION  FACTOR 

1,2Alexandra  Fajardo,  2Lucy  Hunsacker,  3Lorraine  Deck,  2David  Vander  Jagt,  ^odd  Thompson  and  2Marco 
Bisoffi 

1  College  of  Pharmacy,  Division  of  Toxicology,  2  Department  of  Biochemistry  and  Molecular  Biology,  3 
Department  of  Chemistry,  University  of  New  Mexico 

Prostate  cancer  is  the  most  common  malignancy  to  develop  among  men  in  the  United  States.  The 
identification  of  agents  that  are  selectively  toxic  against  prostate  cancer  cells  may  be  useful  in  prostate  cancer 
treatment  and  prevention  of  prostate  carcinogenesis.  Curcumin,  [1E,6E)-1,7-bis(4-hydroxy-3-methoxyphenyl)- 
1,6-heptadiene-3,5-dione],  is  a  phenolic  phytochemical  found  in  the  South  Asian  spice  turmeric  which  has 
previously  been  shown  to  have  anti-inflammatory,  anti-oxidant,  anticoagulant  and  anti-carcinogenic  properties. 
However,  the  in  vivo  bioavailability  of  curcumin  is  low,  compromising  its  effectiveness  as  a  cancer  therapeutic 
agent.  Consequently,  novel  synthetic  curcumin  analogs  are  under  investigation  as  either  chemopreventive  or 
chemotherapeutic  agents  for  a  variety  of  cancers.  In  collaboration  with  investigators  from  the  UNM  Department 
of  Chemistry,  chemical  libraries  of  curcumin  analogs  were  synthesized  and  screened  for  their  inhibitory  action 
on  Nuclear  Factor  k  B  (NFkB)  activity.  NFkB  is  a  critical  pro-survival  transcription  factor  in  cancer  initiation  and 
progression  with  a  prominent  role  in  immortalization,  angiogenesis  and  metastasis.  We  tested  six  curcumin 
analogs,  which  differ  mainly  in  the  number  of  phenol  rings  and  nature  of  side  groups  for  their  inhibitory  effect 
on  in  vitro  proliferation  and  cell  survival  in  a  prostate  cancer  progression  model  featuring  cell  lineages  with 
distinct  hallmarks  of  prostate  cancer  progression.  WST-1  proliferation  assays  conducted  for  time  periods 
between  6  and  72  hours  revealed  a  dose-dependent  effect  of  the  analogs  within  the  2-50pM  range.  Further, 
the  WW49  and  WW50  analogs  showed  anti-proliferative  activity  superior  over  curcumin  with  different  activities 
in  the  different  cells  of  the  prostate  cancer  progression  model.  These  lead  compounds  are  currently  being 
characterized  for  their  toxicologic  profiles  including  IC50  determinations,  and  further  tested  for  their  NFkB 
mediated  inhibition  of  markers  of  prostate  cancer  progression  (e.g.  secretion  of  IL-6  and  IL-8).  Future  work  will 
include  the  testing  and  pharmacokinetic  characterization  in  xenograft  animal  models  of  advanced  prostate 
cancer  for  the  most  promising  curcumin  analogs.  Thus,  curcumin  analogs  may  offer  a  novel  alternative  for 
prostate  cancer  therapy  through  the  inhibition  of  cell  survival  pathways  involving  NFkB,  with  promising 
potential  as  inhibitors  of  prostate  carcinogenesis. 
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